This paper presents the MATLAB simulink dynamic model of the load frequency control (LFC) of a realistic two area power system having diverse sources of power generation. The DC link is used in parallel with AC tie line for the interconnection of power system. The power system simulation is done using MATLAB simulink and control problem is solved using MATLAB programming. An optimal output feedback controller with pragmatic viewpoint is presented. Optimal Gain settings of the output feedback controller with and without DC tie line are obtained following a step load disturbance in either area by minimizing the quadratic performance index. The performance of the controller is compared for the power system with and without DC tie line. Simulation results show that the system with AC-DC parallel tie line achieves better performance in the presence of plant parameter changes and system nonlinearities. Further, results show that the output feedback method is the most rational technique with the good dynamic response when the power demands change.
INTRODUCTION
Electric power systems are interconnected to make the systems more reliable. In a multi-area system, generations and loads are coordinated with each other through the tie lines among the areas [1] [2] . An electrical power system consists of many generating units and many loads while its total power demand varies continuously throughout the day. Smaller, but faster, load changes are dealt with by LFC so as to maintain frequency at the scheduled value (frequency control) and maintain the net power interchanges with neighboring control areas at their scheduled values (tie line control) [3] - [7] .
Literature survey shows that mostly AC tie lines are used for the interconnection of multi-area power systems and lesser attention is given to AC-DC parallel tie lines [1] - [10] . HVDC transmission has emerged due to its various technoeconomical advantages. One of the major applications of HVDC transmission is operating a DC link in parallel with an AC link interconnecting two control areas to get an improved system dynamic performance with greater stability margins under small disturbances in the system [11] [12] . Little research has been carried out on LFC of interconnected power systems connected via HVDC link in parallel with AC link [5] . The idea of LFC of an interconnected power system with a DC tie line in parallel with an AC tie line [11] - [15] is extended for the study of LFC of the more realistic power system as shown in Figures 1 and 2 .
Mostly researchers considered hydro and thermal generators in control areas whereas in real situation, control area may have variety of sources of generations such as Hydro, Thermal, Gas, Nuclear, Solar, wind etc and such control areas represented by an equivalent of thermal or hydro unit dynamics only may not result in a realistic design of LFC control [7] . The concept of power system with multi-source power generation in each area as presented by the author Hassan Bevrani [6] [7] is taken for the simulation of this interconnected power system. In this paper, a two area interconnected power system model comprising Hydro, Thermal with Reheat turbine and Gas units in each area with AC-DC parallel tie line as shown in Figure 2 is presented. HVDC link is connected in parallel with the existing AC link for stabilizing the frequency oscillations of AC system. The linearized models of governors, reheat turbines, Hydro turbines and Gas turbines are used for simulation of the proposed power system [1] [2] [16] - [19] .
In this paper, the dynamical response of the LFC problem is improved with a practical point of view. Practically, access to all of the state variables of a system is limited and measurement of all of them is not feasible and also costly. An output feedback control design is presented in this paper to overcome this problem. Literature survey shows that most of the researchers applied optimal control theory on thermalthermal power systems with AC tie lines only [9] [20] [21] . To the best of authors' knowledge, no work has been reported in the literature of LFC for design of the optimal output feedback controller for the realistic power system considered in this study. Optimal controllers have been used in LFC as secondary controllers, but surprisingly there is hardly any literature that compares performances of optimal controllers for the power system with and without DC tie lines [5] .The main contributions of the present work are: (a). Simulation of a realistic power system using MATLAB Simulink tool and MATLAB coding for solving the controller design problem.
(b). Improving the dynamic response of LFC system in a realistic two area interconnected power system considering parallel AC-DC tie lines.
(c). Comparing the dynamic responses of the LFC of the power system considering AC tie lines and parallel AC-DC tie lines.
CONTROLLER DESIGN
The key equations and design steps of optimal output feedback controller [22] are presented in this section. The interconnected power system considered for study can be described in state space form [ 
Where K  is an output feedback gain matrix of dimension 6×4. (4), Q  is a 27×27 positive semi-definite symmetric state cost weighting matrix and R  is a 6×6 positive semi-definite symmetric control cost weighting matrix. For stability, all the Eigen values of the matrix  
have negative real parts [22] . The optimal output feedback controller of designer's choice is obtained by minimizing the cost function [22] - [24] and the controller design is carried out through an efficient MATLAB code [25] [26].
SIMULATION OF REALISTIC POWER SYSTEM MODEL WITH PARALLEL AC-DC TIE LINE
The two area interconnected power system model with AC-DC tie lines is shown in Figure 1 . The realistic two area interconnected power system with parallel AC-DC tie lines which comprises more practical combination of generating units in each area is simulated using MATLAB Simulink [25] . The MATLAB simulink model is shown in Figure 2 . As shown in Figure 2 , each area comprises Reheat thermal, Hydro and Gas generating units and the two equal areas are interconnected by AC-DC tie lines. The simulation of this interconnected power system in a new power system environment is based on the concepts of considering variety of generators with their corresponding participation rates in each area [7] and parallel AC-DC tie lines [11] - [15] . The governor turbine dynamic models of Reheat thermal, Hydro and Gas generating units taken for simulation are described in [2] [16]- [19] . Furthermore, in the new environment, generators may or may not participate in the LFC task and participation rates are not the same for all participant generators. Let the participation factor of k th generator unit and i th area be ki  . In a given control area, the sum of participation factors [6] [7] is equal to 1. The system parameter values are given in Appendix. The nominal loading of each area is taken 1740 MW with the power generation scheduling and generator participation factors as given in Table 1 . The power system has 27 state variables. Incremental DC power flow is considered as an additional state variable in the LFC strategy. State variables x 1 , x 12 , x 26 and x 27 are taken as output feedback states. The optimum gains of optimal output feedback controller are obtained by running the MATLAB codes generated on the basis of method described in section 2. The computer simulations are carried out with the optimum controller gain settings. MATLAB control system toolbox [25] is used to simulate the power system and to obtain dynamic responses of the system for 1% step load perturbations (SLPs) in the area-1. 
SIMULATION RESULTS AND ANALYSIS
The optimum values of the K  for the output feedback controller by minimizing the cost function for the power system with AC tie line corresponding to nominal system parameters is Table 2 . The closed loop Eigen values have negative real parts and satisfy the system stability conditions. The frequency deviation responses of area-1 and area-2 are shown in Figures  3 and 4 . The tie line power deviation response is shown in Figure 5 . It is observed that the output feedback controller considering parallel AC-DC tie lines in power system gives better dynamic responses having relatively smaller peak overshoot and lesser settling time with zero steady state error as compared to the power system with AC tie lines only. The quantitative comparison is made in Table 3 Figure 6 . It is apparent that for SLP varying from 1% to 4%, the first peak overshoot increases with increase in the level of SLP and settling time remains approximately same with zero steady state error. Thus, the proposed controller satisfies the LFC problem requirement for wide variation of load disturbance. 
CONCLUSION
An attempt is made in this paper to improve the dynamic performance of LFC of the interconnected power system by considering DC tie line. A simple but practical controller is presented to improve the dynamic response of LFC system in a realistic power system environment considering DC tie lines in parallel with AC tie lines. The output feedback controller for the power system with DC link gives better dynamic response having relatively smaller peak overshoot and lesser settling time with zero steady state error as compared to the power system considering AC tie lines. The dynamic response of the system with DC link is improved significantly with the percentage reduction in the overshoot (OS) of ∆f 1 
